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Abstract: Coral diseases represent a prominent menace to coral reefs and to the associated ecological
services they provide to the surrounding coastal communities. Studies on diseases and compromised
health conditions (CHCs) on hard corals in the Southwest Indian Ocean (SWIO) are scarce, and their
consequences are often overlooked. This study aimed to establish the baseline prevalence of diseases
and CHC of hard corals around Rodrigues Island. Coral disease and CHC prevalence were visually
assessed using 2 m x 50 m belt transects at eight sites around the island. This is the first report
of four coral diseases, namely White Plague (WP), White Syndrome (WS), Black Band (BB), and
Growth Anomalies (GA), and two CHCs, two forms of Pink Pigmentation Responses (PPR)—Pink
Patches (PP) and Pink Line Syndrome (PLS)—observed on six genera of hard corals from the island
of Rodrigues. PP on Fungia (15.92 & 5.65%), followed by the WS on Montipora (4.67 + 3.72%) and
GA on Gardineroseris (4.16 £ 4.16%), so far unreported from the SWIO, were the most prevalent
around the island. The least prevalent disease was BB on Montipora (0.13 £ 0.13%). Although the
overall disease and CHC prevalence for Rodrigues Island (0.98 £ 0.30%) were much lower than the
surrounding islands in the SWIO, the observations of these diseases and CHCs on hard corals and
relevant environmental parameters warrant further in-depth characterization to better inform coral
reefs management and conservation actions.

Keywords: coral disease; compromised coral health; disease prevalence; Rodrigues Island

1. Introduction

Coral reefs represent one of the most productive and ecologically diverse marine
tropical ecosystems on the planet. However, coral reefs are also prone to a plethora of
abiotic and biotic stressors that constantly challenge the resilience and subsistence of such
ecosystems, especially in a globally warming ocean [1]. Coral diseases are one such group
of biotic stressors that have been impacting coral reefs through significant mortalities
and coral community structure modifications in the last few decades [2,3]. Back in 1965,
during the early stages of coral disease research, only a handful of coral diseases, mostly
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occurring as isolated cases, including Growth Anomalies, Black Band Disease, White Band
Disease, and White Plague Type I, were known. Since then, more than 40 coral diseases
have been recorded on more than 200 scleractinian species of coral hosts and from over
75 countries [4].

The coral reefs of the Caribbean, often dubbed as a ‘disease hotspot’ [1,5,6], have
been suffering largely from the impacts of coral diseases since the late 1970s and early
1980s, with over 80% of the population of keystone species, such as Acropora palmata and
Acropora cervicornis, being decimated by the White Band disease [7]. These mass coral
mortalities that were associated with the coral diseases led to the rapid shift from coral-
dominated to algal-dominated or weedy coral-dominated (such as Porites or Agaricia) reefs
in the Caribbean region and contributed to the loss of the characteristic zonation patterns
innate to that region [8,9]. Although comparatively less studied than the Caribbean, the
Indo-Pacific tropical coral reefs are also not spared from the damaging impacts of coral
diseases with several reef-building species of Acropora, Montipora, and Porites [10-16]
reported with signs of widespread coral diseases. The current disease prevalence level in
that region, along with other stressors of coral health such as increased fluctuations in light
and sea surface temperatures [16,17], also indicate that this region is at risk of community
structure changes [11,18]. Several recent studies have also reported the occurrence and
rising prevalence of coral diseases from the northern Indian Ocean region [14,15,17,19,20].
Recently, around 20 coral diseases affecting 16 coral taxa were also recorded from the Red
Sea, with the most common one being the Acropora White Syndrome disease [17].

In addition to coral diseases, other compromised health conditions (CHCs) in hard
corals, such as Pigmentation Responses, sediment damage, unexplained bleaching, sponge
or cyanobacterial growth, and trematode infestation [21,22] also threaten the coral reef
ecosystem as they can be a major contributor of coral mortality and inducing factor for coral
diseases [23]. CHCs can be characterized as morphologically different tissues compared
to healthy-looking coral tissues, which are often associated with obvious signs of recent
mortality, evidenced by a partially white, dead, denuded coral skeleton [22]. Physiolog-
ical stress, such as sediment damage, mainly affects the metabolism and growth rate of
coral by causing changes in the coral reproductive capabilities, fertilization success rate,
and larval settlement success rate [21,24,25]. These changes, linked with coral habit loss
and the faster-growing rate of competitive macroalgae, can cause a reef to shift from a
coral-dominated to an algae-dominated one [25]. Another CHC, Pink Pigmentation Re-
sponse, has also been observed to affect the health of massive Porites corals by inducing
changes in the antioxidant activity, cellular integrity, microbiome composition [26], and
photo-physiological responses [27]. Based on the different lesion-related morphological
characteristics, Pink Pigmentation Responses may occur in the form of Pink Lines, Pink
Spots, or Pink Patches [26].

The Western Indian Ocean, known as a region of high marine biodiversity and en-
demism [28], has some records of coral diseases from Mauritius Island [29,30], Saya de
Malha [31], Madagascar [32], Maldives [33,34], Chagos Archipelago [35], Kenya [36], Re-
union Island, South Africa, and Mayotte [37], with the most common diseases being the
White Syndromes, Skeletal Eroding Band, Brown Band, and Growth Anomalies, and with
the most affected host being the Acroporidae and Poritidae [33,37,38]. However, the sta-
tus of coral diseases in several other ecologically and economically important coral reef
ecosystems from this region remains unchartered.

The coral reef ecosystem in Rodrigues Island has around 130 species of scleractinian
corals [39], with a mid-high recruitment rate of <40 recruits/ m? [40]. This relatively mid-
high recruitment rate is explained by the reduced spatial variability in the taxonomic
diversity of coral around Rodrigues Island [40]. The corals of Rodrigues Island suffered
from the 2002 coral bleaching event, which caused high coral mortality rates in Acropora
cytherea (100%), Acropora abrotanoides (>75%), and digitate Acropora colonies (>50%). Even
though the bleaching event was not widespread, certain sites were severely affected, with
coral mortality reaching up to 75% [41]. High sea surface temperatures in 2016 caused



Diversity 2023, 15, 1086

30f16

another coral bleaching event that caused a 38.76% to 93.26% mortality rate in the reef-
building corals of Rodrigues Island [42]. As a result of this event, the mean live coral
cover dropped from 35% in 2010 to just 15% in 2016 across several sites around Rodrigues
Island [42].

Apart from coral bleaching, common stressors for the coral reefs of Rodrigues Island
include sedimentation, sea level rise, cyclones, eutrophication from agricultural and urban
runoff, artisanal reef fishing, and climate change [38,43,44]. The economy of Rodrigues
Island revolves mostly around wild-capture fisheries and tourism, two primordial economic
sectors for the island’s economy, which are strongly dependent on the status of the coral
reefs. In order to restore and maintain the economic productivity of the island from the
previous coral bleaching events, several coral reef management and conservation strategies
have been implemented for the island of Rodrigues [45].

Despite the fragility of the coral reef ecosystem of Rodrigues Island and its associated
economic and cultural importance, very little is known about the status of one of the
most lethal stressors of coral health—diseases and CHCs on hard corals—and not much
is known about the effectiveness of these management measures for coral disease. This
study, thus, aimed at uncovering the status and prevalence of diseases and CHCs on hard
corals around the island of Rodrigues from the Southwest Indian Ocean. The interactions
of the prevalence of disease and CHCs on hard corals prevalence with environmental and
ecological factors, such as live coral cover, coral colony density, coral colony size, and depth,
were assessed.

2. Materials and Methods
2.1. Study Site

Rodrigues Island (19°42/59.99” S, 63°24'59.99" E) (Figure 1) is an outer autonomous
island of the Republic of Mauritius that forms part of the Mascarene Islands. The island
is situated in the southwestern part of the Indian Ocean (Figure 1a) at around 560 km to
the east of the island of Mauritius. The island measures 18 km in length and 6.5 km in
width, with a total land area of 108 km?. The island is surrounded by a large fringing reef,
with an estimated area of 230.6 km? [43,44]. Several smaller islets and two sand cays can
be found inside the island’s lagoon. The reef flats in Rodrigues Island, which typically
range from 50 m to 2 km in width, can be divided into 4 sections: (i) a compact reef flat,
measuring between 50 and 300 m in width; (ii) fragmented reef flats with scattered coral
colonies separated by meandering channels; (iii) a zone of coral-built alignments that run
perpendicular to the reef edge and is separated by shallow grooves; and (iv) micro-atoll in
sheltered zones [46—48]. There are also four marine reserves (Passe Demie, Grand Bassin,
Anse aux Anglais, and Riviere Banane) and one multiple-use marine protected area (South
East Marine Protected Area (SEMPA) around the island (Figure 1).

This study was conducted from 17 to 20 December 2020, where the average highest
sea surface temperature was 28.7 °C (seatemperature.info, 2020), and the lowest mean sea
surface temperature was 26.17 °C (seatemperature.info, 2020). Eight study sites (Table 1),
namely Aquarium, Plateau Benitier, Ti Trou, Antonio’s Finger, Hermitage Island, Pate
Reynieux Couzoupa, and Var Brulee, were chosen around the Island. Hermitage, Couzoupa,
Pate Reynieux, and Var Brulee were situated in the SEMPA, while all the other sites were
located in a non-protected area in the northeast of Rodrigues Island.

Table 1. Geographic location, depth, and protection status of the sites surveyed around Rodrigues Island.

Site

Depth Category

(D1-D4) Protected/Non-Protected

Geographic Location Depth (m)

Plateau Benitier

Ti Trou
Aquarium

Antonio’s Finger

19°40'11.60" S, 63°25'44.90" E 6

19°40'0.00" S, 63°26'14.00” E 69

19°40'21.0” S, 63°28/36.0" E 6-9 D3 Non-protected
19°40'11.4" S, 63°25'47.4" E 6

-9 D3 Non-protected
D3 Non-protected

-9 D3 Non-protected
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Table 1. Cont.

Site Geographic Location Depth (m) Dep(%lfiajtz;gory Protected/Non-Protected
Couzoupa 19°45'32.4" S, 63°27'48.5" E 9-12 D4 Protected
Pate Reynieux 19°44/44,00" S, 63°28'43.00" E 1-3 D1 Protected
Hermitage Island 19°44/59.0" S, 63°20/40.0"” E 1-3 D1 Protected
Var Brule 19°44'44.00” S, 63°2843.00" E 1-3 D1 Protected
/\f‘. . 63°21.00E 63°25.20° 63°29.40° b
o —A
RGLANS
LA l 2 ' Anse Aux Anglais
2% A Ti Trou L
Riviere Banane
% Aquarium + e @
19°40.20°S 7/ -|— j_A fk:’?ﬁhgel'\\\ 19°40.20'S
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e
] \
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19°44.40°S f = A 19°44.40'S
e N
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Survey Sites
2.5
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Area (SEMPA) / % arine Protec eas
63°21.00F 63°25.20°E 63°29.40°F 19°48.60'S

Figure 1. (a) Location of Rodrigues Island (star) in the Indian Ocean; (b) Rodrigues Island, indicating
the 8 survey sites with demarcation of the marine protected areas (grids).

2.2. Disease and CHC Prevalence on Hard Corals

To assess disease and CHC prevalence on hard corals at each site, three 2 x 50 m
belt transects were placed randomly with a minimum interval of 20 m between each. All
colonies that were found inside the belt transect or those with 50% of their area inside the
margins of the transect were counted. All the coral colonies were then identified in situ
to their genus level [49]. Coral diseases were identified from their lesion characteristics
using Underwater Cards for assessing coral diseases [21]. CHCs such as the Pigmentation
Responses were classified as Pink Pigmentation Response (PPR), which is morphologically
further characterized as Pink Patches (PP), Pink Spots (PS), or Pink Line Syndromes (PLS).
Underwater photographs of diseases or CHCs on coral colonies were also taken using the
underwater cameras Tough TG-6 (Olympus, Amazon, Japan) and GoPro (Hero 8, USA).
All diseased and CHC colonies found inside the margins of the belt transect were counted,
and the same was performed for the healthy-looking colonies as well. In order to estimate
disease prevalence, the number of diseased and CHC colonies was divided by the total
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number of colonies. Other diseases or CHC observations outside the belt transect were also
reported in this study, but the prevalence was not recorded. Table 2 lists the diseases or
CHC:s observed outside the belt transect in parentheses. Coral disease and CHC prevalence
for each affected taxon (taxon-specific) were also estimated by dividing the number of
affected corals from one genus by the total number of colonies observed for that specific
genus. The mean disease and CHC prevalence per site were calculated by averaging
the prevalence values from the three belt transects per site. Surveys for disease and CHC
prevalence were conducted by both snorkeling and SCUBA diving at different depth ranges:
1-3 m (D1), 4-6 m (D2), 7-9 m (D3), and 10-12 m (D4).

Table 2. Disease/CHC-specific and taxon-specific prevalence around the Island of Rodrigues. Dis-
represents not observed.

" o

eased colonies or colonies with CHCs are listed in between parentheses.

"

n” represents number of observed colonies.

Genus R Disease/CHC Number of Mean Overall Prevalence (%) + SE
Observed Affected Colonies  Disease/CHC-Specific Taxon-Specific
Pocillopora 62 - - - -
Branching Acropora 248 - - - -
WS 8 0.90 £ 0.34 4.67 £3.72
Montipora 281 WP 1 0.38 £0.27 0.23 £0.23
BBD 1 0.023 £ 0.023 0.13 £0.13
Gardineroseris 2 GA 1 0.03 £0.16 417 +£4.17
Pachyseris 4 - - - -
Pavona 248 - - - -
Fungia 262 PP 97 3.63 £1.33 15.92 +5.65
Goniopora 3 - - - -
PP 1 3.63 £1.33 417 £ 417
Massive Porites 17 GA ey - -
PLS 1) - -
Echinopora 36 - - - -
Goniastrea 36 WS 2 0.90 £0.34 1.89 £1.31
Favites 81 - - - -
Dipsastrea 23 - - - -
Platygyra 189 - - - -
Lobophyllia 5 - - - -
Millepora 238 WP 10 0.38 £ 0.27 1.10 £ 0.89

2.3. Benthic Cover Assessment

At each site, the live coral cover was quantified in situ through visual surveys along
triplicate 50 m line transects using the line-intercept transect (LIT) method [50]. The coral
density and coral colony size were assessed along triplicates of 2 m x 50 m belt transects.
The coral colony size (in cm) was estimated along the transect tape and recorded as the
highest linear coral colony diameter. The colony size was estimated within different size
class ranges: 0-10, 11-20, 21-30, 3140, 41-50, and >50 cm.

2.4. Statistical Analysis

All data were transformed to meet the assumption of normality with log10 transfor-
mation. A one-way ANOVA was performed to test for significant differences (x = 0.05)
in the disease or CHCs prevalence on hard corals between the sites surveyed around
the island of Rodrigues. A two-way ANOVA was used to test for significant differences
(o = 0.05) between depth and disease/CHC prevalence and between the conservation sta-
tus and prevalence of coral diseases and CHCs. To assess the relationship between the
live coral cover and colony density or coral disease/CHC prevalence around Rodrigues
Island, Pearson’s Correlation test was performed. All statistical analyses were performed
on MS Excel, SPSS (IBM Version 21), and R Statistical Package (Version 4.1.1). A Principal
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Component Analysis (PCA) was constructed using OriginPro (version 10.0.5.157) to show
the distribution of coral genera and coral diseases/CHCs across the different survey sites.

3. Results
3.1. Coral Community Structure

The highest live coral cover (72.87 £ 8.02%) and coral colony density
(1.74 + 0.26 colonies/m?) were recorded at Pate Reynieux (Figure 2). The lowest mean
live coral cover was recorded at Plateau Benitier at 7.3%, and the least number of coral
colonies per unit area was recorded at Antonio’s Finger (0.15 + 0.12 colonies/m?). Var
Brulee had the second-highest mean live coral cover, followed by Couzoupa, Hermitage
Island, Ti Trou, Antonio’s Finger, and Aquarium. The second-highest coral colony density
was recorded at Hermitage Island, followed by Couzoupa, Var Brulee, Ti Trou, Plateau
Benitier, and Aquarium.

25
T .. 2
E=
15 2
N7
=
L
=
1 =
=
S
o
I I 0.5
ml | (m [m |
Pate Hermitage Var Brulee Plateau Ti Trou Aquarium Antonio's
Reynieux Island Benitier Finger
Marine Protected Area Non Protected Area

OCoral cover mCoral density

Figure 2. Live coral cover and coral density at all survey sites around Rodrigues Island. Bars represent
Mean =+ SD.

Sixteen diseased /CHC colonies were observed from Couzoupa in the 11-20, 21-30,
41-50, and>50 cm size classes. Seventeen colonies were found at Pate Reynieux in the
0-10, 11-20, 21-30, 30-41, and 41-50 cm size classes. Sixteen colonies were reported from
Hermitage Island in the 0-10 cm size classes. Eight diseased colonies from Ti Trou in the
0-10, 11-20, 21-30, and>50 cm size classes, two colonies from Aquarium in the >50 cm size
class, and one at Plateau Benitier in the >50 cm size class were found (Figure 3).

The most dominant (27%) coral genus at Couzoupa was the branching Millepora,
followed by Montipora (26%) (mostly large colonies of Montipora aequituberlata). At Pate
Reynieux, the most dominant genus was the solitary Fungia corals (28%). Branching
colonies of Acropora were most dominant at Var Brulee (51%). Pavona colonies, mostly of
small size, were most dominant (78%) at Hermitage Island. At the non-protected sites,
Favites, branching Acropora, and Pocillopora were most dominant at Plateau Benitier (14%),
Ti Trou (39%), and Antonio’s Finger (43%), respectively. An equal dominant proportion
(21%) of coral colonies were observed of Platygyra and Favites at the Aquarium.
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Figure 3. Size class frequency distribution of coral colonies at the study sites. Black dots represent
the number of diseased/CHC colonies.

3.2. Coral Disease Occurrence and Prevalence

Benthic surveys conducted at eight sites around the island of Rodrigues revealed
the presence of four coral diseases and two CHCs on six different genera of scleractinian
corals (Figure 4). The diseases observed were Growth Anomalies, Black Band disease,
White Plague, and White Syndrome. The CHCs recorded were two forms of PPR, namely,
Pink Patches and Pink Line Syndrome. A total of 1662 coral colonies were recorded
during our survey, and out of them, 122 colonies exhibited signs of coral diseases. A
total of 120 diseased /CHC coral colonies were found within the transect, and 1 colony
of massive Porites with signs of Growth Anomalies and another colony with Pink Line
Syndrome were observed outside the margins of the belt transect. A total of 16 diseased
colonies were observed from Couzoupa, 17 colonies from Pate Reynieux, 16 colonies from
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Hermitage Island, 8 from Ti Trou, 2 colonies from Aquarium, and 1 diseased colony from
Plateau Benitier.

a

2o = White Syndrome
15+ E White Plague
=3 Pink Patches
10+ =3 Growth Anomalies
Em Black Band

o o
1

'-

-

—

—

Disease/compromised health
condition-specific prevalence (%)

Ll 1
3 (] & >
K \@S" & & O ‘.\,)4"
A4S O @ o & >
P ) ) Nl o
[¥) ey @Q R =
& &
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b g
o
g 80-
2 o - White Syndrome on
3 g' Montipora aequituberiata
23 8 g White Syndrome on
oo Montipora sp.
¢ § 40 = White Plague on
25 Millepora tenella
Lo n
& o 20 - Vn:hit? Plague on
,'_" 3 I ‘ ontipora
2 ol | | i ' | : mEm Pink Patches on Fungia
E ; ;
] \}Q@ o \‘b‘_\b \‘._\é «‘oo {\0@ B Pink Patches on Porites
g‘ o&o & @ Qé\ & o g CGrowth Anomalies on
b O @Q' G a'*° \s Gardineroseris planulata
- s
< Q@‘@ QM g Black Band on
Study Sites Monlipons 5.
am VVhite Syndrome on

Goniastrea stelligera

Figure 4. (a) Disease/ CHC-specific and (b) taxon-specific prevalence at each study site. Bars represent
mean =+ SE.

Disease and CHC prevalence recorded around Rodrigues Island ranged from 3.63%
PPR to 0.023% Black Band disease (Figure 4a). Porites Growth Anomalies and Pink Line
Syndrome were also observed on Porites lobata and P. lutea, respectively, at Plateau Benitier.
Since they were not found within the belt transects, their prevalence was not reported. The
prevalence of all the coral diseases and CHCs across all genera observed within the transects
is reported in Table 2. The highest disease/CHC-specific prevalence (13.86 + 2.47%) was
reported at Pate Reynieux for the Pink Patch on solitary Fungia colonies (Figures 4b and 5).
The lowest disease/CHC-specific prevalence (0.19 £ 0.19%) was reported for the Black
Band disease and White Syndrome on Montipora aequituberlata from Pate Reynieux.
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Figure 5. PCA biplot of the taxonomic distribution of hard genera and disease/CHC prevalence on
hard corals at the study sites surveyed around Rodrigues Island.

PPR (3.63 £ 1.33%) was the most prevalent around the island of Rodrigues, followed
by the White Syndrome disease (0.90 £ 0.36%). The least prevalent disease observed
around Rodrigues Island was Black Band disease (0.023 £ 0.12%). In terms of taxonomic
classification, the PP (15.92 & 5.65%) on Fungia, followed by White Syndrome on plating
Montipora (4.67 £ 3.72%) were most prevalent (Table 2, Figure 4a). Black Band disease on
foliose Montipora was the least prevalent taxon-specific disease for Rodrigues Island. With
the exception of Black Band disease, all the other diseases were observed in both deep and
shallow waters.

At Couzoupa, White Syndrome disease was observed on the Montipora aequituberlata at
a prevalence of 0.89 £ 0.46% (Figure 4b). White plague disease on fire coral Millepora tenella
was observed at the highest prevalence of 2.82 £ 1.83% (Figures 4b and 5), and Pink
Patches were observed on a few Fungia corals at a prevalence of 1.03 £ 0.22% (Figure 4b).
Growth Anomalies were observed on one Gardineroseris planulata colony at a prevalence of
0.26 £ 0.26% (Figure 4b). At Pate Reynieux, Montipora coral was observed with White Syn-
drome, White Plague, and Black Band at respective prevalences of 0.19 £ 0.19%, 0.22 £ 0.22%,
and 0.19 £ 0.19% (Figure 4b). Pink Patches were also observed on Fungia at a prevalence of
13.89 + 2.48% (Figure 4b). At Hermitage Island, only Pink Patches on Fungia were observed
at a prevalence of 9.63 = 7.07%. At Plateau Benitier, Pink Patches were observed on massive
Porites lutea at a prevalence of 0.98 & 0.98% (Figure 4b). At Ti Trou, White Syndrome disease
was observed on Montipora aequituberlata at a prevalence of 2.48 £ 1.30% and Pink Patches
on Fungia at a prevalence of 3.51 £ 2.82% (Figure 4b). At Aquarium, White Syndrome on
Goniastrea stelligera was observed at a prevalence of 3.60 £ 1.87% (Figure 4b). No disease
lesions were observed on any coral colony at Antonio’s Finger and Var Brulee.
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No significant difference (p > 0.05) in the coral disease or CHC prevalence among the
sites surveyed was observed around Rodrigues Island. Although different diseases and
CHCs on hard corals were observed in the protected areas and the non-protected areas,
no significant difference (p > 0.05) was recorded in coral disease prevalence between the
sites surveyed in protected and non-protected areas. Similarly, the different depth ranges
surveyed around Rodrigues Island did not significantly (p > 0.05) affect the coral disease
prevalence recorded.

A weak positive correlation (r = 0.390, p < 0.05) was noted between the live coral
cover and the prevalence of coral diseases around Rodrigues Island. A weak negative
correlation (r= —0.141, p < 0.05) was observed between coral colony density and coral
disease prevalence.

4. Discussion

This study around the island of Rodrigues represents the first report on the occurrence
of four coral diseases, including White Plague, White Syndrome, Black Band, and Growth
Anomalies, and 2 CHCs in the form of Pink Pigmentation Responses (Pink Patches and
Pink Line Syndrome) on six coral genera namely Montipora, Goniastrea, Millepora, Porites,
Gardineroseris, and Fungia. All the observed diseases and CHCs, and most of the affected
hosts in this study, have been reported in several other areas of the Indian Ocean. Closest to
the island of Rodrigues, the corals around Mauritius Island have been reported with signs of
diseases including White Plague-like, White Band-like, Brown Band, Skeletal Eroding Band,
Growth Anomalies, and CHCs-like Pink Pigmentation Response [29]. The most prevalent
disease around Mauritius Island was White Plague (20.33 + 3.33%), which affected the
most dominant reef-building coral species, Acropora muricata. White Syndrome was also
reported in the Saya de Malha banks [31]. White Syndrome disease on Montipora, Growth
Anomalies on massive Porites, and Pink Line Syndrome were also reported from two
other islands located in the Southwest Indian Ocean, namely, Réunion and Maldives [37].
White Syndrome disease (1.0 = 1.4%), along with Porites White Patch Syndrome (PWPS)
(1.0 £ 0.4%), were reported to be most prevalent in Mayotte, whereas Réunion Island
was mostly affected by the PWPS (2.3 & 2.0%), followed by the Pink Line Syndrome
(2.0 = 3.9%). Other locations in the Indian Ocean including the Republic of Maldives [33],
Chagos Archipelago [35], Madagascar [32], South Africa [37], and Southern India (Gulf of
Mannar) [51-53] were observed to have similar coral diseases. The only unreported coral
genus with disease from the Southwest Indian Ocean is Gardineroseris, which was observed
with Growth Anomalies around Rodrigues Island.

The overall disease prevalence for Rodrigues Island (0.98 £ 0.30%) was much lower
than not only the surrounding islands of Réunion (7.5%), Mayotte (2.7%), Maldives (<2%),
and the Chagos Archipelago (5.2%) [37] but also than those reported for the Indo-Pacific
and the Caribbean regions. However, it is noteworthy that Clark in reported no or little
signs of diseases on the reefs of Rodrigues [54]. Since then, global environmental change
and anthropogenic influences have greatly increased and impacted coral reefs, including
coral disease dynamics [1]. The present study found four coral diseases and two CHCs
around Rodrigues Island, most probably because of the prevailing more pronounced
climate change-driven ocean warming and /or anthropogenic-related marine environmental
degradation than decades ago [41].

The lack of spatial heterogeneity in the prevalence of coral diseases and CHCs among
the surveyed sites around Rodrigues Island may be due to homogeneous patterns of
susceptible coral host genera. The presence of almost similar environmental factors, as a
consequence of the small size of the island, can also help explain the lack of significant
variation in the levels of prevalence among the studied sites.

However, the occurrence of certain diseases and their associated prevalence levels
at a specific site may possibly be explained at least partially by environmental and/or
ecological factors at that site. Several studies have reported that the prevalence of coral
diseases increases with the availability of susceptible coral hosts. Bruno and colleagues
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reported high coral cover (>50%) as an important driver of White Syndromes [55]. Aeby
and colleagues also positively correlated the prevalence of Acroporid and Porites Growth
Anomalies with host density [12].

A low prevalence of Montipora White Syndrome was recorded from Couzoupa and
Pate Reynieux and on Goniastrea from Aquarium. Since White Syndrome is a pathogenic
and infectious disease, the abundance of susceptible coral hosts, which play an important
role in the occurrence of this disease [55,56], was observed at the sites. A large num-
ber of M. aequituberculata colonies occurring at high density were recorded at Couzoupa,
highlighting the high host density required for the occurrence and transmission of White
Syndrome. Sussman and colleagues [57] highlighted that the causative pathogen of White
Syndrome can easily pass from one coral colony to another through the water column.
The large size of the M. aequituberculata colonies at Couzoupa, coupled with its foliose
morphology, may also explain the prevalence of White Syndrome in that site since large
colony size provides increased surface area for pathogen attack [58,59]. The large size of the
M. aequituberculata colonies at Couzoupa also makes them more prone to physical damage
and injuries. These injuries may facilitate the infection of opportunistic pathogens, such as
those involved in causing White Syndromes. The high species diversity at Couzoupa and
Pate Reynieux can also explain the prevalence of White Syndrome since the abundance of
potential vectors of this disease is also high [12].

White Plague is another coral disease that is characterized by a sharp line of bright
white tissue that separates the healthy part of the coral from the bare, rapidly algae-
colonized skeleton [60]. Very few coral diseases have been reported on Millepora corals;
only Skeletal Eroding Band has been reported on Millepora alcicornis [61]. The prevalence of
White Plague, a pathogenic and highly infectious disease, may be explained by the high
abundance of the coral host, Millepora tenella, at Couzoupa and Montipora at Pate Reynieux.
Advanced studies are required in the Rodrigues waters at the pathogen or microbiome
level to shed further light on the White Plague coral disease characteristics.

While the occurrence of Growth Anomalies at Couzoupa on Gardineroseris planulata
and on Porites lobata from Plateau Benitier cannot be explained by host density, the large
colony size for both the Porites and Gardineroseris colonies can help explain the occurrence
of this disease. The high sediment loads and the associated turbidity at Plateau Benitier
can also help explain the calicoblastic neoplasm on Porites colonies, as reported by Peters
and colleagues [62] for the coral Acropora palmata.

As a highly infectious coral disease [63,64], Black Band disease observations at Pate
Reynieux may be explained by the high coral cover and density recorded at that site. This
disease is seasonal and is more virulent during the summer months [65,66], thus explaining
our observation of this disease on Montipora coral at one of our study sites surveyed in the
summer month of December. Black Band commonly affects Montipora corals and has even
been observed on some Montipora corals from Hawai'i for at least 10 years [67].

In this study, the low prevalence of PPR at Plateau Benitier may be explained by
the occurrence of extremely low host density, as only one colony of Porites lutea was
observed at Plateau Benitier. Pink Pigmentation is not considered an infectious disease,
and environmental factors influence the occurrence of this response. An example of
environmental stress at Plateau Benitier is the high level of sedimentation and turbidity
associated with river runoff in the bay of Port Mathurin and in the vicinity of Anse aux
Anglais. Pollock and colleagues [68] assessed the prevalence of several coral diseases and
CHGCs in an offshore dredging area in northwest Australia. The study found strong positive
correlations between the prevalence of PPR and the number of days the coral colonies
were exposed to the sediment plume associated with the dredging activities. Similarly,
this may possibly explain the occurrence of PPR at Plateau Benitier. However, Stoddart
and colleagues [69] did not find any association between disease prevalence and dredging
activities and even criticized the use of coral disease prevalence as an indicator of the
impact of dredging.
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Plateau Benitier is a popular and well-frequented diving site in the north of Rodrigues.
As a high-use diving site, physical injuries on coral colonies by divers are not uncommon.
SCUBA diving can also be another physical stress leading to the occurrence of PPR. Lamb
and colleagues [58] also associated the prevalence of PPR with high-use SCUBA diving
sites at Koh Tao, Thailand. PPR in the form of Pink Patches was found on Fungia, at
the highest prevalence at Pate Reynieux in this study. The occurrence of this disease
on this host is not uncommon and has been reported by other studies from the Indian
Ocean [51-53]. The presence of Pink Patches at Pate Reynieux may be explained by the
accumulation of sediments on Fungia colonies due to the shallow depth of water and the
possible re-suspension of sediments by wave action. Although a high density of Fungia
colonies was observed over there, Pink Patches are not transmissible and cannot help
explain its high occurrence. However, for PPR, it is noteworthy that an important factor is
strong illumination. In shallow areas, this may be the case; therefore, the coral produces
pink chromoproteins to protect themselves from strong irradiance damage through the
formation of reactive oxygen species (ROS), and thus, high irradiance environmental
parameters may be more related to sedimentation. Further investigations along these lines
are warranted to thoroughly understand the occurrence of PPR in these coral genera around
Rodrigues Island.

The status of protection of marine areas around Rodrigues Island did not have any
influence on the prevalence of coral diseases and/or CHCs. A similar observation was
made by Page and colleagues [70], who reported no effect of marine protected areas
on coral disease prevalence. For a marine protected area to differently influence the
dynamics of coral diseases or CHCs than a non-protected area, the presence of susceptible
hosts and vectors of coral diseases must also be different between the protected and non-
protected areas. Contributing factors such as increased coral colony size, high abundance
of reef fishes and invertebrates, and the high availability and density of coral hosts are
characteristics features of marine protected areas, which are often linked to changes in
coral disease prevalence [70,71]. The different depth ranges surveyed also did not affect the
prevalence of coral diseases and CHCs. While some studies have reported mostly negative
associations [12,72] between depth and coral disease prevalence, other studies have found
no relationship between these two parameters [71,73]. The lack of significant difference in
the prevalence levels among the studied depth categories may be explained by the different
populations of coral host species observed at each depth range.

In this study, a weak positive correlation was observed between the live coral cover
and the prevalence of coral diseases or CHCs around Rodrigues Island. A similar observa-
tion was made by other studies [12,55,74], and the main explanation for such an observation
is the reduced distance between coral hosts. A higher coral cover implies shorter distances
between coral hosts and increased likelihood and ease of infection by coral pathogens [75].
Higher coral cover also enhances the reef’s structural complexity, thus increasing the abun-
dance of other potential vectors of coral disease or CHCs and, at the same time, increasing
the transmission of pathogens. A high colony density also increases the availability of
coral hosts and facilitates the transmission of coral pathogens from one colony to another.
Such observation has been reported in several studies [12,18,76]. In this study, however,
a negative correlation between the density of coral colonies and the prevalence of coral
disease or CHCs was recorded. This may be explained by the non-infectious nature of the
most prevalent CHCs (Pink Patches) around Rodrigues Island.

5. Conclusions

This study aimed to provide baseline information on the occurrence, distribution,
prevalence, and characterization of diseases and compromised health conditions on hard
corals around the island of Rodrigues. Four diseases, namely, White Syndromes, White
Plague, Black Band, Growth Anomalies, and two CHCs, including Pink Patch and Pink Line
Syndrome, were recorded on six coral genera, Montipora, Porites, Goniastrea, Gardineroseris,
Fungia, and Millepora were recorded. Diseases and CHCs on hard corals were observed
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at six (out of the eight) surveyed sites, with three of the affected sites being located in
the Southeast Marine Protected Area—one of the largest regional marine protected areas.
Although the overall coral diseases and CHC prevalence around Rodrigues Island are
much lower than other islands in the Indian Ocean, the uniqueness and vulnerability of
the island’s coral reefs, characterized by a self-seeding, low-rate recruitment pattern, and
past coral bleaching events, which caused mass coral mortalities and altered the coral
community structure, highlights its fragility to stressors of coral health.
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